Glucose metabolism was studied as evidenced by the sugar and pyruvic acid levels in blood and glycogen and pyruvic acid content of tissues in euthyroid, hypothyroid and hyperthyroid rats by giving insulin.
In a hyperthyroid state the concentration of glucose in blood after an overnight fast was increased while in hypothyroidism it was significantly decreased (ABT, 1962) . In clinical hyperthyroidism or in thyroxine treated animals, glucose oxidation by glycolytic pathway, glucose utilization and glucose turnover rate were found to increase markedly while the reverse effects were observed in hypothyroid subjects (Dow et al., 1961; Lamberg, 1965 and Okajima et al., 1979) . In skeletal muscle of hypothyroid rats, the rate of lactic acid synthesis from glucose was reduced while in muscle of hyperthyroid rats, the rate of lactic acid synthesis from glucose and glycogen, lactate dehydrogenase and UDPG-pyrophosphorylase was elevated (Bargoni et al., 1967) . Moreover when both the pancreas and thyroid are in a hypofunctioning state, the diabetic condition is ameliorated. Conversely when the hypofunctioning state of the pancreas is associated with hyperthyroidism, the diabetic condition is aggravated (Chandra, 1983) . Though hyperinsulinism is not a common phenomenon, it does occur in functioning islets tumors of the pancreas (Thorn et al., 1977) . The metabolic interactions of insulin and thyroxine on glucose metabolism in such a situation may be of interest in the further study the relationship of thyroxine insulin to carbohydrate metabolism. In between the euthyroid and hypothyroid group the difference was not highly significant (0.05>P>0.001), but in the hyperthyroid group it was significantly higher than that of the other two groups. After glucose plus insulin administration, BS decreases significantly in euthyroid and hyperthyroid rats (P<0.001) but insignificantly in the hypothyroid group (P>0.05).
Tissue glycogen (Table 1 to 5) After glucose administration, the glycogen content in all the tissues of the euthyroid, hypothyroid and hyperthyroid groups rises significantly (P<0.001) in comparison to that of their fasting state except the liver of the hyperthyroid rats (0.05>P>0.001).
After glucose plus insulin administration, a further significant (P<0.001) rise in glycogen content was found in all of the tissues of euthyroid and hyperthyroid group while no significant difference (P>0.05 to 0.05>P> 0.01) was noticed in hypothyroid groups of rats in comparison to that after only glucose administration. Table 2 . Liver glycogen mg/100g Blood pyruvic acid (Table 6) Glucose administration enhances the level of blood pyruvic acid in euthyroid and hyperthyroid group significantly (P<0.001) and to a lesser extent in the hypothyroid group (0.01>P>0.001) in comparison to that of their fasting condition.
Glucose administration with insulin lowers the blood pyruvic acid content significantly in the hyperthyroid group (P<0.001) while the level was almost the same in the euthyroid (P>0.05) and hypothyroid groups (0.05> P>0.001) in comparison to that after only glucose administration.
Tissue pyruvic acid (Table 7 to 10) Glucose administration increases the pyruvic acid content of all the tissues of the euthyroid and hyperthyroid groups of rats significantly (P<0.001) while it was almost insignificant in the tissues of hypothyroid rats (except the muscle) in comparison to that of their fasting state. In all the tissues a significant decrease in pyruvic acid content (P<0.001) was noticed (except kidney) in the euthyroid, hypothyroid and hyperthyroid groups of rats after glucose plus insulin administration in comparison to that after only glucose administration. After glucose administration, the rise in blood sugar level was subnormal in hypothyroid in hyperthyroid rats it was above normal. The administered sugar has to be utilized by the tissues under the action of circulating insulin or, more importantly, the insulin secreted from the beta cells of pancreas. The findings in the present work suggest that glucose possesses the highest capacity to stimulate insulin secretion from the pancreas of hypothyroid animals whereas this capacity is minimum in the hyperthyroid rats. Charles et al. (1975) showed that glucose elevates the cyclic AMP level in the beta cells which acts as a feed forward modulator of glucose induced insulin release in euthyroid animals, while Lenzen et al. (1976) suggested that hyperthyroidism results in decreased glucose induced insulin release, whereas experimental hypothyroidism induces increased secretion of insulin from the pancreas. On the contrary, Balabokin (1971) and Jolin (1974) found that in hypothyroidism glucose-induced insulin secretion decreases but thyroxine treatment reverses the effect. The present observations support the view that glucose-induced insulin secretion is higher in hypothyroid and lower in hyperthyroid rats than that in the euthyroid group.
In euthyroid insulin administered (IA) rats after glucose administration, the blood sugar was lower than that in the euthyroid group. This suggests that exogenously administered insulin further facilitates the uptake of glucose although endogenous insulin was also available.
The rise in the blood sugar level was higher in hypothyroid IA rats than in euthyroid IA animals. It has been shown that hypothyroidism induces an overnormal insulin response to hyperglycemia, an observation contradictory to the present findings (Renauld et al., 1974a) . In the present study, further improvement of glucose uptake was not found in hypothyroid IA rats as was expected because the administered glucose is neither metabolised for further glycogenesis nor for glycodysis as evidenced by unaltered glycogen and low pyruvic acid content. The rise in the blood sugar level was higher in hyperthyroid IA rats than euthyroid IA rats but this was lower than that in hyperthyroid rats. Renauld et al. (1974b) showed that hyperthyroidism depresses the ability of the tissues to take up large amounts of glucose from circulation and impairs insulin response to glucose. Apparently, the action of the exogenously administered insulin was impaired by the higher blood thyroxine and hence the rise in blood sugar level was higher than that observed in euthyroid IA animals.
Glycogen content in tissues was found to be increased in hypothyroid and decreased in hyperthyroid rats. These findings suggest glycogenesis or glycogenolysis is intimately related to the state of thyroid function even in rats with normal pancreatic function. These results are inconsistent with the work of Guardabassi et al. (1963) and Snedecor (1972) (Abramova et al., 1974) . Thus it is expected that when the hyperfunctioning state of the pancreas or the experimental hyperinsulin state is associated with hypothyroidism, the process of glycogenesis will be enhanced markedly.
On the other hand, the process which was reduced in hyperthyroidism will be compensated to an extent when more insulin is available.
Glycogen content in both the hepatic and extra hepatic tissues of euthyroid IA animals was significantly higher than that in the euthyroid group.
This was expected in view of the stimulating action of insulin on glycogenesis in the tissues.
No significant difference in tissue glycogen between hypothyroid and hypothyroid IA rats after glucose administration was noticed in the present investigation, as expected. The reason is that when the hypothyroid state is associated with hyperinsulinism, the sensitivity of the tissues to further glycogenesis in comparison to that of the hypothyroid state is not enhanced any more, probably because the action enzymes concerned in glycogenesis remained maximum in the hypothyroid state so that further improvement does not occur even in the presence of exogenous insulin. Interestingly, glycogenesis in the hepatic and extrahepatic tissues was markedly higher in hyperthyroid IA rats than in hyperthyroid rats. This suggests that the inhibiting effect of the hyperthyroid state on glycogenesis is compensated to an extent by the exogenously administered insulin, as was expected. In euthyroid IA rats, no change in the blood pyruvic acid level was observed, while in tissues this was reduced significantly in comparison to that of the euthyroid group. This suggests that administered glucose is mainly metabolised to synthesise glycogen in tissues in the presence of excess insulin. Glucose utilization through the glycolytic pathway was retarded markedly as evidenced by decreased pyruvic acid content. The pyruvic acid content was reduced further when hyperinsulinism was associated with hypothyroidism. The hypothyroid state retards the utilization of glucose more than the euthyroid state (Lamberg, 1965) . The administration of excess insulin could not however improve the utilization pattern of this sugar although this was expected because it cannot reverse the effect of hypothyroidism on glycolysis. In hyperthyroid IA rats, the blood and tissue pyruvic acid content was lower than that of hyperthyroid animals.
This confirms that excess inslulin inhibits the higher rate of glucose oxidation which occurs in the hyperthyroid state (Dow et al., 1961) . Thus when the hyperfunctioning state of the pancreas is associated with hyperthyroidism, the utilization of glucose is not enhanced any more but the action of exess thyroxine is impaired by excess insulin, establishing a state of equilibrium between glycogenesis and glycolysis as is observed in euthyroid subjects.
